S hort QT syndrome (SQTS) is an inheritable primary electric disease of the heart characterized by abnormally short QT intervals on the ECG and an increased propensity to develop atrial and ventricular tachyarrhythmias. [1] [2] [3] It is a relatively recent addition to the list of inherited channelopathies responsible for sudden cardiac death (SCD) in individuals with structurally normal hearts. Cases of SQTS have been reported with presentation as early as in the first year of life, suggesting that it could be one of the etiologies underlying sudden infant death syndrome. 4 SQTS was first described as a new clinical entity by Gussak et al in 2000. 1 The familial nature and arrhythmic potential of the disease was further highlighted by Gaita et al. 5 They described 6 patients of SQTS in 2 unrelated European families with strong family history of sudden death in association with short QT intervals on the ECG. Since its initial introduction in 2000, significant progress has been made in defining the clinical, genetic, 6 and ionic basis of the disease as well as approaches to therapy. The purpose of this review is to summarize the available data concerning SQTS from bench to bedside.
How Short Is Too Short?
The definition of a pathophysiologic long QT interval evolved over a period of several decades and it may take some time to define what constitutes a pathophysiologic short QT interval. Several large scale population studies have shown that the corrected QT interval (QTc, using the Bazett formula) of healthy individuals conforms to a gaussian normal distribution, that is, a bell-shaped curve. [7] [8] [9] [10] Based on this distribution, the "normal QTc" interval may be defined as values that fall within 2 standard deviations (SD) from the mean. This approach will categorize 95% of the population as having normal QTc interval and the remaining 5% as either short or long QTc interval. These studies suggest that the normal QTc of healthy individuals should fall within a range of 350 to 450 ms for males and 360 to 460 ms for females; hence, QTc Ͻ350 for males and 360 for females should be considered as short QT interval. When this population-based approach is used for defining the lower limit of QT interval, it must be emphasized that the Bazett formula used for calculating QTc in these studies tends to underestimate QTc at lower heart rates and overestimates QTc at higher heart rates. 11 This can lead to misclassification of an upward of 20% of apparently healthy individuals as having short QT interval, especially if the ECGs are recorded during sinus bradycardia. 9 On the other hand, as seen in patients with long QT syndrome, there may be significant overlap of QTc values of normal individuals and those with SQTS; hence some of the SQTS patients may have QTc interval that may fall within normal range, that is, Ͼ350 ms in males and Ͼ360 ms in females.
An alternative approach is to calculate a predicted QT interval (QTp) as proposed by Rautaharju et al, 12 a method that does not use a rate correction formula. They investigated the QT interval in 14 379 healthy individuals and established the formula by which the QT interval can be predicted as QT predicted (QTp)ϭ656/(1ϩheart rate/100). In this study, the prevalence of QT interval shorter than 88% of QTp (QT/QTp Ͻ88%, equivalent to 2 SD below the mean) was 2.5%; and the prevalence of QT intervals shorter than 80% of QTp (QT/QTp Ͻ80%) was 0.03%. Thus, a QT interval Ͻ88% of QTp (2 SD below mean predicted value) at a particular heart rate might be considered as the lower limit of normal. At a heart rate of 60 beats per minute (bpm), QTp would be 410 ms and 88% of QTp would be 360 ms.
Thus, as a starting point for discussion, a QT (not QTc) value of Յ360 ms at heart rate of 60 bpm might reasonably be considered to be a shorter than normal QT interval. Because rate correction of the QT interval (QT-RR relationship) in SQTS patients is less pronounced, we prefer to use the method of Rautaharju et al as opposed to using the Bazett formula for estimation of QT interval adjusted for heart rate.
What Constitutes a Pathophysiologic Short QT Interval?
An arrhythmogenic potential of shorter than normal QT intervals was first proposed by Algra et al in 1993. These authors reported that in addition to long QT intervals, shorter than normal QT intervals (Ͻ400 ms) are associated with increased risk of SCD. 13 In his retrospective study, relative risk of SCD in patients with QT interval Ͻ400 ms was 2.4 compared with people with normal QT interval. 13 Viskin et al 14 also reported shorter than normal QT interval (QTc Ͻ360 ms in males and Ͻ370 ms in females) in patients with idiopathic ventricular fibrillation. Short QT intervals have been reported before and after runs of ventricular tachycardia (VT)/ventricular fibrillation (VF). 15, 16 Interestingly, short QT interval is a normal ECG finding in species such as kangaroo, and these animals have a very high incidence of SCD. 17, 18 Contrary to the above description, recent population studies have questioned the arrhythmogenic significance of short QT intervals in healthy individuals. Gallagher et al 8 recently reported that in healthy Italian males, QTc interval Ͻ330 is extremely rare and the presence of QT interval in the lowest 0.5% does not imply significant risk of sudden death over a period of over 8 years. Similarly, Anttonen et al 19 reported that in a middle-aged Finnish population, prevalence of QT interval Ͻ340 is only 0.3% and it is not associated with increased risk of death over a follow-up period of 30 years. Recently, in a study involving healthy Japanese population, Moriya et al 20 reported a prevalence of 0.01% of QTc interval Ͻ350 ms without increased risk of SCD. Although these studies clearly demonstrate that prevalence of short QT intervals in healthy populations is rare, they were underpowered to assign any prognostic significance to isolated presence of short QT intervals in the ECG. 21 It is noteworthy that shorter than normal QT intervals may prevail as a part of the normal bell-shaped distribution in healthy individuals. As will be discussed later, abbreviated repolarization may not suffice to create the arrhythmogenic substrate. The ion channelopathies that cause SQTS not only abbreviate repolarization but they significantly increase dispersion of repolarization, thus creating the cellular basis for both the substrate and trigger necessary for the initiation of reentry. This distinction may help us understand why short QT intervals are highly arrhythmogenic in some individuals but not in others.
Definition, Diagnosis, and Differential Diagnosis
SQTS is best defined as a congenital, inherited, primary electric disorder of the heart characterized by abnormally short QT intervals on the surface ECG (Ͻ360 ms) and an increased proclivity to develop atrial and/or ventricular tachyarrhythmias. 2, 3, 22, 23 By definition, secondary causes of short QT interval such as hyperkalemia, acidosis, hypercalcemia, hyperthermia, effects of drugs like digitalis, effect of acetylcholine or catecholamine, and abbreviation of QT interval related to activation of K ATP current must be ruled out before considering the diagnosis of SQTS ( Table 1) . A rare but interesting paradoxical ECG phenomenon called deceleration-dependent shortening of QT interval (shortening of QT interval associated with a decrease in heart rate) should also be considered in a differential diagnosis. 24 Activation of the K A-Ch current caused by strong parasympathetic stimuli to the heart is thought to be responsible for this phenomenon. A comprehensive battery of tests is also recommended by the guidelines from the Joint Steering Committees of UCARE and IVF-US, 25 including but not limited to resting ECG, exercise stress testing, echocardiogram, 24-hour Holter monitoring, and cardiac MRI to rule out the presence of organic heart disease. Diagnosis of SQTS should be strongly suspected in young individuals with a short QT interval on 12-lead ECG in conjunction with arrhythmic symptoms, lone atrial fibrillation (AF), primary or resuscitated VF, and a strong family history of arrhythmic events including SCD. The presence of a short QT interval on ECG without associated arrhythmogenic complication warrants further interrogation to rule out SQTS.
ECG in SQTS is characterized by abnormally short QT intervals, commonly ranging between 220 to 360 ms ( Figure  1 ). 1, 4, 5 When the diagnosis of SQTS is suspected, resting 12-lead ECG should be performed at a heart rate within normal limits. The QT interval should be measured when the heart rate is Ͻ100 bpm and preferably less than 80 bpm. The QT-RR relationship is generally less steep (lack of rate dependence) in patients with SQTS ( Figure 2 ). 26 As a consequence, QTc corrected by any formula will fail to reflect the true QTc. At rapid rates, QTc will falsely approximate normal values leading to a false-negative diagnosis. This is particularly important for the diagnosis of SQTS in pediatric populations, where resting heart rate is Ͼ100 bpm. Holter monitoring or long-term ECG monitoring becomes necessary in such cases to make the correct diagnosis. Another common finding on ECG of SQTS patient is tall, peaked, symmetrical, or asymmetrical T waves in the precordial leads. Another distinctive feature seen on many ECGs is prolonged T peak -T end interval and T peak -T end /QT ratio, suggestive of augmented transmural dispersion of repolarization. 27, 28 However, asymmetrical T waves with a less steep ascending limb followed by a rapid descending limb have been reported as well. 29 In most cases, the ST segment is short or even absent and the T wave originates from the S wave. QT intervals characteristically show lack of adaptation to change in heart rate, as described above. In cases of SQT4 and SQT5, short QT intervals appear together with a Brugada-type ST elevation in right precordial leads V 1 and V 2 at baseline or after administration of ajmaline. 6 It is important to emphasize that a short QTc should not be the primary or sole criterion for establishing a diagnosis of SQTS. Differential diagnosis must include a comprehensive assessment of all ECG features as well as comprehensive clinical and family history.
Genetic Basis of SQTS
SQTS is a genetically heterogeneous disease. Mutations in 5 different genes (Table 2 ) have been associated with SQTS thus far, and these have been labeled SQT1 to SQT5, based on the chronology of their discovery. At the present time, SQT1 and SQT3-5 have been reported in a familial setting, and SQT2 is reported only in a single patient in a sporadic setting. The mode of transmission is autosomal dominant.
Mutations in KCNH2-SQT1
The KCNH2 gene, often referred to as human-ether-go-gorelated gene (HERG), encodes the ␣ subunit of the rapidly activating delayed rectifier potassium channel, I Kr . A mutation in KCNH2 was the first reported gene mutation in SQTS. Using the candidate gene approach, Brugada et al 30 reported 2 different missense mutations in KCNH2 in 2 unrelated families. Both mutations resulted in substitution of lysine for asparagine at position 588 of KCNH2. This residue is located at the S5-P loop region of HERG at the outer mouth of the channel. In the voltage clamp studies, N588K mutation led to loss of normal rectification of the I Kr at physiological range of voltages and shifted the voltage-dependent inactivation by ϩ90 mV, resulting in a large gain of function in I Kr during the plateau phase of the action potential leading to marked abbreviation of action potential. 30, 31 Interestingly, the N588K mutation reduced the affinity of the I Kr channel for Class III antiarrhythmic agents such as d-sotalol, which has direct implication on the treatment of SQT1, as will be discussed below. The reduced affinity is due to the fact that the inactivated state of the channel normally stabilizes the interaction of the channel with most I Kr blockers 31 and the mutant channel fails to enter the inactivated state. 30 -32 Recently, Itoh et al 33 reported a novel mutation R1135H in the KCNH2 gene a 34-year-old man with short QT interval. When expressed in a heterologous expression system, mutant channels display significantly slow deactivation leading to a gain of function of I Kr .
Mutation in KCNQ1-SQT2
The KCNQ1 gene encodes a subunit of the cardiac potassium channel KvLQT1, which, in association with the ␤-subunit mink encoded by KCNE1, forms the slow component of the cardiac delayed rectifying potassium current, I Ks . A mutation in KCNQ1 was identified by Bellocq et al 34 in a 70-year-old man with resuscitated ventricular fibrillation and short QT interval-a single sporadic case. A candidate gene approach was used to identify a mutation in KCNQ1 predicting substitution of valine at position 307 by Leucine (V307L). Functional studies revealed that the mutation caused a shift of Ϫ20 mV in the half-activation potential and acceleration of activation kinetics resulting in gain in function of I Ks . It is noteworthy that a similar gain of function mutation in KCNQ1 has been reported previously in the setting of familial atrial fibrillation. 35 
Mutations in KCNJ2-SQT3
The KCNJ2 gene encodes the inwardly rectifying Kir2.1 (I K1 ) channel. A mutation in KCNJ2 associated with SQTS was identified by Priori et al 29 in an asymptomatic 5-year-old child and 35-year-old father displaying extremely short QT intervals (315 and 320 ms, respectively). In contrast to SQT1 and SQT2, which characteristically display symmetrical T waves in the ECG, SQT3 patients exhibited asymmetrical T waves with a slow ascending limb and rapid terminal phase. Genetic testing revealed a mutation in KCNJ2 that predicted substitution of aspartic acid by asparagines at position 172 (D172N). Whole-cell patch-clamp studies of heterologously expressed D172N channels demonstrated a gain of function in outward I K1 .
Mutation in CACNA1c and CACNB2b-SQT4 and SQT5
We recently described a new clinical entity characterized by a combined ECG phenotype of the Brugada syndrome and shorter than normal QT intervals. 6 While SQT1-3 are associated with gain of function mutations in outward potassium currents, this entity is caused by loss of function mutations in genes encoding cardiac L-type calcium channel. The cardiac L-type calcium channel is a protein complex formed by ␣ 1 , ␤, and ␣ 2␦ subunits. The pore-forming Ca v 1.2 ␣ 1 -subunit is encoded by CACNA1C and the ␤-subunit is encoded by CACNB2b. Genetic screening of 3 families with this clinical phenotype revealed missense mutations in CACNA1C (A39V and G490R) and CACNB2b (S481L). 6 Biophysical analysis showed that these mutations all cause a marked loss of function of I Ca , responsible for abbreviation of the action potential as well as ST-segment elevation. 6 Confocal microscopy unmasked a trafficking defect in the case of A39V CACNA1C mutation.
The ECG in this clinical entity, designated SQT4 and SQT5, typically shows ST-segment elevation in precordial leads V 1 and V 2 either at baseline or after ajmaline administration. Tall peaked T waves are visible in some of the ECGs, and QTc intervals tend to be longer (330 to 360 ms) when compared with the other forms of SQTS. A less steep QT-RR relationship was also observed in these patients as with SQT1 patients. 6
Clinical Presentation
The clinical presentation of SQTS patients is quite varied. Initial presentation and clinical course differs among families and members of the same family. In the largest available case series of 29 SQTS patients reported by Giustetto et al, 4 approximately 25% of patients had a mutation in KCNH2 (SQT1). Mutations in KCNQ1 and KCNJ2 were not detected and CACNA1c and CACNB2b were not screened. The first clinical manifestation of the disease has been reported as early as first year of life and as late as at 80 years of age. Approximately 62% of the patients were symptomatic. Cardiac arrest was the most frequently (34%) reported symptom, and in 28% of patients it was the first clinical presentation. Cardiac arrest occurred in the first year of life in 2 patients, suggesting that SQTS may be a cause of sudden infant death syndrome. The available data suggest that patients are at risk throughout a lifetime. Palpitations were the second most frequently reported symptom (31%), followed by syncope (24%). AF was the first presenting symptom in 17% of patients. Many patients had frequent ventricular extrasystoles. Approximately 38% patients were asymptomatic and were diagnosed due to strong family history. Strong family history of arrhythmic symptoms including SCD is a common finding. The circumstances of onset of symptoms are highly variable, and episodes of SCD have been reported during or following loud noise, at rest, during exercise, and during daily activities.
The only reported patient of SQT2 is a 70-year-old man who was successfully resuscitated after an episode of ventricular fibrillation. 34 There are 2 reported cases of SQT3: a 5-year-old girl who was asymptomatic and a 35-year-old father, who had frequent episodes of sudden awakening at night with seizure-like activity followed by shortness of breath and palpitations. 29 SQT4 has thus far been reported in 2 patients of unrelated families. 6 One patient was a 41-yearold man with a family history of SCD who presented with AF in conjunction with QTc of 346 ms and the second patient was a 44-year-old man with fascioscapulohumeral muscular dystrophy and a family history of syncope and SCD. SQT5 has been described in 7 patients belonging to a family of European descent. 6 The proband, a 25-year-old man, presented with a QTc of 330 ms and had an episode of aborted SCD.
His 23-year-old brother had frequent syncope as well. The rest of the family was asymptomatic.
Most patients with SQTS have QTc Յ340 ms with range of 210 to 320 ms. However, in patients with SQT4 and SQT5, QTc intervals are generally a bit longer (330 to 360 ms). No correlation has been identified as yet between the extent of QT interval abbreviation and risk of arrhythmic events. 4
Electrophysiological Study
Invasive electrophysiological studies have reported extremely short atrial and ventricular effective refractory periods (ERP) in patients with SQTS. 4 -6,29,34 The ventricular ERP at the right ventricular apex at cycle length of 500 to 600 ms varies between 140 to 180 ms and at pacing cycle length of 400 to 430 ms varies between 130 to 180 ms. Atrial ERP measured in the high lateral right atrium at a cycle length of 600 ms varies between 120 and 180 ms. The programmed electric stimulation with 2 to 3 premature stimuli induces AF in atria and VF in ventricles in 60% of SQTS patients. In the case series presented by Giustetto et al, 4 VF was inducible in only 3 of 6 patients with clinically documented VF, suggesting that sensitivity of for inducibility of VF is not high.
Cellular Basis of Arrhythmogenesis in SQTS
An increase in net outward current due to either a reduction in inward depolarizing currents such as I Na or I Ca or augmentation of outward repolarizing currents such as I to , I K1 , I K-ATP , I ACh , I Kr , or I Ks or a combination will favor early repolarization leading to abbreviation of action potential and QT interval. Experimental studies suggest that the abbreviation of action potential in SQTS is heterogeneous with preferential abbreviation of either epicardium or endocardium, giving rise to an increase in transmural dispersion of repolarization (TDR). Dispersion of repolarization and refractoriness serve as substrate for reentry in that it promotes unidirectional block. Marked abbreviation of wave length (product of refractory period and conduction velocity) is an additional factor promoting the maintenance of reentry. Mutations giving rise to a gain-of-function of outward K currents has been identified in SQT1-3 29, 30, 34 and a loss of function in inward I Ca-L have been identified in SQT4 -5. 6 Moreover, the T peak -T end interval and T peak -T end /QT ratio, an ECG index of spatial dispersion of repolarization, and perhaps TDR, are significantly augmented in cases of SQTS. 27, 28 Interestingly, this ratio is more amplified in patients who are symptomatic. 36, 37 Evidence supporting the role of augmented TDR in arrhythmogenesis in SQTS derives from the work experimental studies using the canine left ventricular wedge preparation. In the first experimental model of SQTS, the K ATP activator pinacidil was used to abbreviate repolarization time. 38, 39 With availability of a specific I Kr agonist, PD-118057, we created a cellular model of SQT1 that mimics the cellular condition of gene mutation. 40 As shown in Figure 3A , augmentation of I Kr by PD-118057 significantly abbreviates the QT interval with a preferential abbreviation of the epicardial versus M-cell action potential, leading to an increase in TDR. The pseudo-ECG recorded in our experiment was able to recapitulate ECG features of SQTS in clinical practice ( Figure 3A) . Using programmed electric stimulation delivered from epi-cardium, polymorphic ventricular tachycardia (pVT) was induced in 50% of wedge preparations ( Figure 3B ). Infusion of quinidine reversed the effect of PD-118057 on QT interval but the augmented TDR persisted. However, pVT was no longer inducible as a consequence of the increase in refractory period causing an increase in the wave length.
In the clinic, only 1 patient had been continuously monitored during onset of pVT. 41 Observation from this patient, along with data obtained by interrogating implantable cardioverter-defibrillators (ICDs) implanted in SQT patients, indicates that closely coupled premature ventricular extrasystoles precede the onset of pVT (Figure 4) . 41, 42 The cellular basis for these closely coupled extrasystoles is not known but most likely related to phase 2 reentry or late phase 3 early afterdepolarizations. 43 In a recent study exploring the cellular basis of the U wave in SQTS patients, Schimpf et al 44 elegantly demonstrated that electric repolarization in SQTS patients terminates significantly earlier as compared with the mechanical contraction. Similar striking dissociation of electric and mechanical systole has been reported previously in kangaroos. 45, 46 In kangaroos, the occurrence of an extrasystole during the period of electromechanical dissociation has been shown to reexcite the myocardium despite the fact that the contraction induced by the previous beat is still not complete, thus creating a state of incomplete tetanus. 45, 46 Interestingly, Watanabe et al 47 recently reported that patients with SQTS have a higher prevalence of early repolarization pattern in the ECG and that the presence of early repolarization is strongly associated with arrhythmic events. These observations suggest that an early repolarization pattern may be useful in identifying SQTS patients at risk and that the molecular mechanism in the SQTS cohort may overlap with that responsible for J-wave syndromes (Brugada syndrome, early repolarization syndrome ,and some forms of idiopathic ventricular fibrillation). 48 The role of autonomic nervous system in arrhythmogenesis in SQTS is still unclear as VF is observed during sleep as well as after intense autonomic stimulation. 4 As the repolarization heterogeneity as well as the abnormal QT-RR relationship is more pronounced at slower heart rates, it likely that episodes of tachyarrhythmia will more likely to occur at slower than faster heart rates.
Treatment in SQTS
The ICD SQTS patients are at a high risk of SCD because of malignant ventricular arrhythmia. ICD implantation is strongly recommended for secondary prevention of SCD, unless absolutely contraindicated or refused by the patient. 23 There is a scarcity of data delineating the natural history of SQTS, and features identifying patients at higher risk of SCD are not clear. Consequently, there is no clear role for ICD in primary prevention strategies. Based on a malignant family history, physicians and patients may choose to implant an ICD for primary prevention, but clearly this approach is not evidencebased at this point in time. SQTS patients offered an ICD for primary prevention of SCD should be informed that the ICD may abort a future episode of SCD or may not fire at all during his or her lifetime but may be associated with a high risk of complication over the span of a lifetime. It should be emphasized that the sensitivity of electrophysiological study for VF inducibility is on the order of about 50%, and noninducibility at electrophysiological study does not rule out future risk of SCD. 4, 42 The decision to insert ICD should be based on clinical grounds (short QT interval on ECG in conjunction with arrhythmic symptoms and strong family history of SCD) rather than genetic or electrophysiological data at this point, until further guidelines for risk stratification are available.
Oversensing of the T wave is a frequent clinical problem in patients with SQTS who receive an ICD. 49 The tall, peaked, and closely coupled T waves are often mistakenly sensed as R waves, leading to inappropriate ICD shocks. Reprogramming the decay delay, sensitivity, or both generally prevents inappropriate discharges.
Pharmacological Therapy
Although the ICD is the mainstay of therapy for SQTS, pharmacological therapy may be useful as an adjunct to the ICD or may be used for primary prevention in cases in which the patient refuses an ICD or in young children in whom the implantation of an ICD may be problematic.
Information regarding pharmacological therapy for SQTS is fairly limited, and the majority of available data pertains to SQT1. Gaita et al 50 tested 4 different antiarrhythmic drugs including flecainide, sotalol, ibutilide, and hydroquinidine in 6 patients with SQT1. Only hydroquinidine prolonged the QT interval to normal levels, increased ventricular ERP, and rendered VF noninducible. Class IC and III antiarrhythmic drugs failed to do so. Quinidine also restored the QT-RR relationship toward the normal range. 26 In a 1-year follow-up, patients treated with hydroquinidine remained asymptomatic and no further episodes of ventricular arrhythmia were detected.
The efficacy of quinidine and the failure of Class IC and III antiarrhythmic drugs in SQT1 is primarily related to a secondary effect of the N588K mutation. The N588K mutation reduces the availability of the inactivated state of the mutant channel, hence reducing the affinity of I Kr channels to many drugs with Class III antiarrhythmic activity. 30 Electrophysiological studies in heterologous expression systems have shown that N588K mutation reduces the affinity of the channel for quinidine only by 3.5-to 5.8-fold, whereas affinity for E-4031 and d-sotalol it is reduced by 11.5-and 20-fold, respectively. 3230, 31, 51 The affinity of N588K mutant I Kr channel for disopyramide was reduced by only 1.5-fold 32 and for amiodarone was reduced by only 4.1-fold. 52 Consistent with these bench side observations, Schimpf et al 53 have recently reported clinical efficacy of disopyramide in 2 female patients with SQT1. In this pilot study, administration of disopyramide proved to be equally effective as quinidine in prolonging the QT interval and restoring the ventricular ERP toward normal. 53 Similarly, amiodarone also prolonged QT interval in 2 patients of SQTS with unknown genotype. 41, 54 Although its efficacy is proven in patients with SQT1, quinidine, by virtue of being a blocker of multiple K currents including I to , I K1 , I Kr , and I Ks , should be effective in other forms of SQTS as well, especially in patients with SQT4 and SQT5, in whom the I to blocking effect will provide a therapeutic edge over other antiarrhythmic drugs by reducing the substrate and trigger for Brugada syndrome. In fact, prolongation of the QT interval with quinidine has been reported in 1 patient with SQT4. 6 Unlike SQT1, Class III antiarrhythmic drugs are expected to be clinically useful in SQT2 and SQT3; however, drug testing in these patients is still not available as yet.
AF is another common clinical problem in SQTS. Some SQTS patients exhibit only AF. 55 Propafenone has been shown to be effective in preventing frequent paroxysms of AF with no recurrence of arrhythmia for more than 2 years without any effect on QT interval. 22 Quinidine is effective as well.
Conclusion
SQTS is a relatively rare recent addition to the growing list of channelopathies associated with SCD in individuals with structurally normal heart, including sudden infant death syndrome. Timely diagnosis and optimal treatment can significantly improve the overall prognosis of the patient and family members. In contrast to its mirror-image disorder long QT syndrome; there is a scarcity of data about SQTS in terms of its clinical presentation, diagnosis, genotype-phenotype correlation, risk-stratification, and treatment. However, impressive progress has been made in defining the molecular genetics and cellular basis of arrhythmogenesis in SQTS since its first description in 2000. An ICD is recommended as first-line treatment for secondary prevention of SCD and may be useful for primary prevention as well. There is a paucity of information concerning the long-term effectiveness of pharmacological therapy; hence, it might best be reserved as an adjunct to ICD treatment. Quinidine has thus far proved to be the most effective pharmacotherapeutic agent.
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